Dissolved organic matter characterization in a large arctic river : origins and dynamic by Le Dantec, Théo Aurelien
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! ^P!
« Quel jour sommes-nous 
Nous sommes tous les jours 
Mon amie 
Nous sommes toute la vie 
Mon amour 
Nous nous aimons et nous vivons 
Nous vivons et nous nous aimons 
Et nous ne savons pas ce que c’est que la vie 
Et nous ne savons pas ce que c’est que le jour 
Et nous ne savons pas ce que c’est que l’amour. » 
 
                                « Chanson » Jacques Prévert 
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« La vodka est bonne, la neige tombe et Oleg a apporté des 
concombres. On les coupe en lamelles, et on en croque une à 
chaque rasade. Oleg n’a pas parlé depuis longtemps. » 
 
                           « Dans les forêts de Sibérie » Sylvain Tesson 
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-q,F!088;:jqq<1$F1'Cq2QF2QPhqPQQTWLQPRfRI!
b1.=0&*!UF*!L,B'(-$9'(*!+FUF*!3.80('B1'<*!nF*!L,A1.'(.?*!#F*!PQ2fF!#(,:1-,E!0K<'1E1CK!,-<!;('A,B'1:8!<$:8.'%,-=(!$A;,=8:!1-!<$::1ED(<!
1'C,-$=!A,88('!=1A;1:$8$1-!$-!V$C0!Z'=8$=!0(,<m,8('!=,8=0A(-8:F!Z'=8F!#=$F!2pPiF!
b'(K*!nF4F*!PQQRF!ZA;E$B$(<!=,'%1-!'(E(,:(!B'1A!D,:8!](:8!#$%('$,-!;(,8E,-<:!%K!P2QQF!W(1;0K:F!3(:F!L(88F!^PF!
088;:jqq<1$F1'Cq2QF2QPhqPQQIWLQPPQPR!
b'(K*!nF4F*!+=/E(EE,-<*!UF]F*!PQQhF!5A;,=8:!1B!;('A,B'1:8!<(C',<,8$1-!1-!,'=8$=!'$D('!%$1C(1=0(A$:8'KF!VK<'1EF!S'1=(::F!P^*!2Thp2iPF!
088;:jqq<1$F1'Cq2QF2QQPq0K;Ff2hT!
W,8*!UF3F*!2hhTF!O?KC(-!,-<!VK<'1C(-!5:181;(:!$-!80(!VK<'1E1C$=!/K=E(F!Z--.F!3(DF!4,'80!SE,-(8F!#=$F!PI*!PPRpPTPF!
088;:jqq<1$F1'Cq2QF22ITq,--.'(DF(,'80FPIF2FPPR!
W(-8:=0*!6F*!+$X.88,*!3F*!ZED(:*!3FUF4F*!c,'8,*!UF*!,;(X*!SF*!W$88(E*!ZF*!V.C(E$.:*!WF*!n.0'K*!SF*!L,:0=0$-:X$K*!6F*!S,EA8,C*!UF*!3$=08('*!ZF*!
,-8' ¡X1D*!VF*!#=0-(=X('*!UF*!#0$%$:81D,*!OF*!Y'$=0*!7F*!]$E<*!cF*!W.CC(-%('C('*!WF*!PQ2RF!#81',C(!,-<!8',-:B1'A,8$1-!1B!
1'C,-$=!A,88('!B',=8$1-:!$-!='K18.'%,8(<!;('A,B'1:8!:1$E:!,='1::!80(!#$%('$,-!Z'=8$=F!
088;:jqq<1$F1'Cq088;jqq<?F<1$F1'Cq2QF2RIiiqPi!
! if!
W'$BB$-*!/FWF*!b'(K*!nF4F*!31C,-*!UF*!V1EA(:*!3F+F*!PQ22F!#;,8$,E!,-<!$-8(',--.,E!D,'$,%$E$8K!1B!<$::1ED(<!1'C,-$=!A,88('!$-!80(!n1EKA,!
3$D('*!4,:8!#$%('$,*!1%:('D(<!.:$-C!:,8(EE$8(!$A,C('KF!UF!W(1;0K:F!3(:F!22TF!088;:jqq<1$F1'Cq2QF2QPhqPQ2QUWQQ2T^I!
W'1::(*!WF*!W1(8r*!#F*!+=W.$'(*!ZF\F*!31A,-1D:XK*!_F4F*!#=0..'*!4FZF*!PQ2TF!/0,-C$-C!;('A,B'1:8!$-!,!m,'A$-C!m1'E<!,-<!B((<%,=X:!81!
80(!4,'80!:K:8(AF!4-D$'1-F!3(:F!L(88F!22*!IQPQ2F!
W.CC(-%('C('*!WF*!31<$1-1D*!ZF*!#0$%$:81D,*!OF*!W',%(*!+F*!n,:,-:XK*!OFZF*!b.=0:*!VF*!+$X0(K(D,*!6F*!',r0(D:X,K,*!WF*!bE(::,*!VF*!PQQiF!
#81',C(!,-<!A1%$E$8K!1B!%E,=X!=,'%1-!$-!;('A,B'1:8!:1$E:!1B!80(!B1'(:8!8.-<',!(=181-(!$-!61'80('-!#$%('$,F!WE1%F!/0,-C(!
c$1EF!2I*!2^Tfp2^i2F!088;:jqq<1$F1'Cq2QF2222qJF2^TRlPIiTFPQQiFQ2RTiF?!
W.1*!LF*!+,=<1-,E<*!3F]F*!PQQTF!#1.'=(!,-<!8',-:;1'8!1B!8(''$C(-1.:!1'C,-$=!A,88('!$-!80(!.;;('!N.X1-!3$D('j!4D$<(-=(!B'1A!$:181;(!
Gt2^/*!s2I/*!,-<!t2R6H!=1A;1:$8$1-!1B!<$::1ED(<*!=1EE1$<,E*!,-<!;,'8$=.E,8(!;0,:(:F!WE1%F!c$1C(1=0(AF!/K=E(:!PQF!
W.1*!LF*!S$-C*!/FlLF*!+,=<1-,E<*!3F]F*!PQQfF!+1%$E$r,8$1-!;,80m,K:!1B!1'C,-$=!=,'%1-!B'1A!;('A,B'1:8!81!,'=8$=!'$D(':!$-!,!=0,-C$-C!
=E$A,8(j!1'C,-$=!=,'%1-!B'1A!;('A,B'1:8!81!,'=8$=!'$D(':F!W(1;0K:F!3(:F!L(88F!^I*!-q,l-q,F!
088;:jqq<1$F1'Cq2QF2QPhqPQQfWLQ^QTih!
V,-:(EE*!\FZF*!n,<X1*!\F*!c,8(:*!6F3F*!PQQIF!\(C',<,8$1-!1B!8(''$C(-1.:!<$::1ED(<!1'C,-$=!=,'%1-!$-!80(!m(:8('-!Z'=8$=!O=(,-F!#=$(-=(!
^QI*!iRipiT2F!
V('',.E8*!SFlZF*!W,-<1$:*!LF*!W,:=1$-*!#F*!7,-,-,(D*!6F*!L(!\,-8(=*!7F*!7($::('(-=*!3F*!PQ2TF!Y:$-C!V$C0!#;,8$1l7(A;1',E!O;8$=,E!3(A18(!
#(-:$-C!81!+1-$81'!\$::1ED(<!O'C,-$=!/,'%1-!$-!80(!Z'=8$=!3$D('!N(-$:($F!3(A18(!#(-:F!i*!iQ^F!
V('',.E8*!SFZF*!W,:=1$-*!#F*!7($::('(-=*!3F*!7,-,-,(D*!6F*!W,-<1$:*!LF*!-F<F!Z-!(:8$A,8$1-!1B!\$::1ED(<!O'C,-$=!/,'%1-!BE.?(:!$-!E,'C(!
Z'=8$=!'$D(':!B'1A!+O\5#!8$A(!:('$(:F!
V1EA(:*!3F+F*!/1(*!+F7F*!b$:X(*!WFUF*!W.'81D,K,*!7F*!+=/E(EE,-<*!UF]F*!#0$XE1A,-1D*!ZF5F*!#;(-=('*!3FWF*!7,-X*!#F4F*!0.E$<1D*!ZF_F*!PQ2^F!
/E$A,8(!=0,-C(!$A;,=8:!1-!80(!0K<'1E1CK!,-<!%$1C(1=0(A$:8'K!1B!Z'=8$=!'$D(':F!/E$AF!/0,-C(!WE1%F!],'AF!5-E,-<!],8(':!
5A;,=8:!+$8$CF!4=1:K:8F!#1=F!^pPTF!
V1EA(:*!3F+F*!+=/E(EE,-<*!UF]F*!S(8(':1-*!cFUF*!7,-X*!#F4F*!c.EKC$-,*!4F*!4CE$-81-*!7F5F*!W1'<((D*!_F_F*!W.'81D,K,*!7FNF*!3,KA1-<*!SFZF*!
3(;(8,*!\FUF*!#8,;E(:*!3F*!#8'$(CE*!3FWF*!0.E$<1D*!ZF_F*!$A1D*!#FZF*!PQ2PF!#(,:1-,E!,-<!Z--.,E!bE.?(:!1B!6.8'$(-8:!,-<!O'C,-$=!
+,88('!B'1A!L,'C(!3$D(':!81!80(!Z'=8$=!O=(,-!,-<!#.''1.-<$-C!#(,:F!4:8.,'$(:!/1,:8:!^R*!^Thp^iPF!
088;:jqq<1$F1'Cq2QF2QQfq:2PP^flQ22lh^iTlT!
V1'-%('C('*!WF+F*!c(-=,E,*!nF4F*!+=n-$C08*!\F+F*!2hhIF!VK<'1E1C$=,E!=1-8'1E:!1-!<$::1ED(<!1'C,-$=!=,'%1-!<.'$-C!:-1mA(E8!$-!80(!
#-,X(!3$D('!-(,'!+1-8(r.A,*!/1E1',<1F!c$1C(1=0(A$:8'K!PR*!2Ifp2TRF!
V.C(E$.:*!WF*!7,'-1=,$*!/F*!c'1EE*!WF*!/,-,<(EE*!UFWF*!n.0'K*!SF*!#m,-:1-*!\FnF*!PQ2^F!70(!61'80('-!/$'=.A;1E,'!#1$E!/,'%1-!\,8,%,:(j!
:;,8$,EEK!<$:8'$%.8(<!<,8,:(8:!1B!:1$E!=1D(',C(!,-<!:1$E!=,'%1-!:81',C(!$-!80(!-1'80('-!;('A,B'1:8!'(C$1-:F!4,'80!#K:8F!#=$F!
\,8,!R*!^p2^F!088;:jqq<1$F1'Cq2QFR2hIq(::<lRl^lPQ2^!
U1'C(-:1-*!+F7F*!#0.'*!NFLF*!S.EEA,-*!4F3F*!PQQTF!Z%'.;8!$-='(,:(!$-!;('A,B'1:8!<(C',<,8$1-!$-!Z'=8$=!ZE,:X,F!W(1;0K:F!3(:F!L(88F!^^F!
U.<<*!nF4F*!nE$-C*!WF]F*!PQQPF!S'1<.=8$1-!,-<!(?;1'8!1B!<$::1ED(<!/!$-!,'=8$=!8.-<',!A(:1=1:A:j!80(!'1E(:!1B!D(C(8,8$1-!,-<!m,8('!BE1mF!
c$1C(1=0(A$:8'K!TQ*!P2^pP^IF!
n,$:('*!nF*!W.CC(-%('C('*!WF*!V,.A,$('*!LF*!(=0*!]F*!PQQPF!70(!=1A;1:$8$1-!1B!<$::1ED(<!1'C,-$=!A,88('!$-!B1'(:8!:1$E!:1E.8$1-:j!
=0,-C(:!$-<.=(<!%K!:(,:1-:!,-<!;,::,C(!80'1.C0!80(!A$-(',E!:1$EF!O'CF!W(1=0(AF!^^*!^Qfp^2iF!
088;:jqq<1$F1'Cq2QF2Q2Tq#Q2ITlT^iQGQ2HQQ2TPlQ!
n,m,0$C,:0$*!+F*!n,$:('*!nF*!n,E%$8r*!nF*!31<$1-1D*!ZF*!W.CC(-%('C('*!WF*!PQQIF!\$::1ED(<!1'C,-$=!A,88('!$-!:A,EE!:8'(,A:!,E1-C!,!
C',<$(-8!B'1A!<$:=1-8$-.1.:!81!=1-8$-.1.:!;('A,B'1:8F!WE1%F!/0,-C(!c$1EF!2Q*!2RfTp2RiTF!
088;:jqq<1$F1'Cq2QF2222qJF2^TRlPIiTFPQQIFQQiPfF?!
n1D(-*!/F\F*!3$-C(D,E*!cF*!b'$(<E$-C:8($-*!SF*!/$,$:*!SF*!/,<.E(*!SF*!n0D1'1:8K,-1D*!\F*!n'$--('*!WF*!7,'-1=,$*!/F*!PQ22F!S('A,B'1:8!=,'%1-l
=E$A,8(!B((<%,=X:!,==(E(',8(!CE1%,E!m,'A$-CF!S'1=F!6,8EF!Z=,<F!#=$F!2Qi*!2IfThp2IffIF!
n.rA$-*!+F5F*!7,',:1D,*!4F6F*!+,A1-81D,*!4FZF*!+,A1-81D*!ZFZF*!n('%('*!4F_F*!PQ2IF!#(,:1-,E!,-<!$-8(',--.,E!D,'$,8$1-:!1B!m,8('!
=0(A$:8'K!$-!80(!0(,<m,8('!:8'(,A:!1B!80(!Z-C,',!3$D('!Gc,$X,EH!B'1A!2hRQ!81!PQ2QF!W(1=0(AF!5-8F!RP*!RP^pR^PF!
088;:jqq<1$F1'Cq2QF22^Iq#QQ2TfQPh2IQfQQIQ!
L,.<1-*!VF*!c('CC'(-*!+F*!C'(-*!ZF*!c.BB,A*!5F*!c$:01;*!nF*!W',%:*!7F*!U,-::1-*!+F*!n0E('*!#F*!PQ22F!S,88('-:!,-<!\K-,A$=:!1B!\$::1ED(<!
O'C,-$=!/,'%1-!G\O/H!$-!c1'(,E!#8'(,A:j!70(!31E(!1B!S'1=(::(:*!/1--(=8$D$8K*!,-<!#=,E$-CF!4=1:K:8(A:!2I*!iiQpih^F!
088;:jqq<1$F1'Cq2QF2QQfq:2QQP2lQ22lhIRPli!
L,.<1-*!VF*!n0E('*!#F*!c.BB,A*!5F*!PQQIF!#(,:1-,E!7O/!(?;1'8!B'1A!:(D(-!%1'(,E!=,8=0A(-8:!$-!-1'80('-!#m(<(-F!Z@.,8F!#=$Fl3(:F!
c1.-<,'$(:!TT*!PP^pP^QF!
L1%%(:*!UF+F*!b$8r-,'*!VFSF*!n,88-('*!WF*!PQQQF!c$1C(1=0(A$=,E!=0,',=8('$:8$=:!1B!<$::1ED(<!,-<!;,'8$=.E,8(!1'C,-$=!A,88('!$-!3.::$,-!
'$D(':!(-8('$-C!80(!Z'=8$=!O=(,-F!W(1=0$AF!/1:A1=0$AF!Z=8,!TI*!Phf^pPhi^F!088;:jqq<1$F1'Cq2QF2Q2Tq#QQ2Tl
fQ^fGQQHQQIQhlh!
+,=\1.C,EE*!ZFVF*!ZD$:*!/FZF*!](,D('*!ZFUF*!PQ2PF!#$C-$B$=,-8!=1-8'$%.8$1-!81!=E$A,8(!m,'A$-C!B'1A!80(!;('A,B'1:8!=,'%1-!B((<%,=XF!
6,8F!W(1:=$F!R*!f2hpfP2F!
+,--*!SFUF*!\,DK<1D,*!ZF*!$A1D*!6F*!#;(-=('*!3FWF+F*!\,DK<1D*!#F*!c.EKC$-,*!4F*!$A1D*!#F*!V1EA(:*!3F+F*!PQ2PF!/1-8'1E:!1-!80(!
=1A;1:$8$1-!,-<!E,%$E$8K!1B!<$::1ED(<!1'C,-$=!A,88('!$-!#$%('$,>:!n1EKA,!3$D('!%,:$-F!UF!W(1;0K:F!3(:F!22fF!
088;:jqq<1$F1'Cq2QF2QPhqPQ22UWQQ2fhi!
+=/E(EE,-<*!UF]F*!V1EA(:*!3F+F*!S(8(':1-*!cFUF*!#8$(CE$8r*!+F*!PQQIF!5-='(,:$-C!'$D('!<$:=0,'C(!$-!80(!4.',:$,-!Z'=8$=j!/1-:$<(',8$1-!1B!
<,A:*!;('A,B'1:8!80,m*!,-<!B$'(:!,:!;18(-8$,E!,C(-8:!1B!=0,-C(F!UF!W(1;0K:F!3(:F!Z8A1:;0('(:!2Qh*!\2i2QPF!
088;:jqq<1$F1'Cq2QF2QPhqPQQIU\QQIRi^!
+=W.$'(*!ZF\F*!Z-<(':1-*!LFWF*!/0'$:8(-:(-*!7F3F*!\,EE$A1'(*!#F*!W.1*!LF*!V,K(:*!\FUF*!V($A,--*!+F*!L1'(-:1-*!7F\F*!+,=<1-,E<*!3F]F*!
31.E(8*!6F*!PQQhF!#(-:$8$D$8K!1B!80(!=,'%1-!=K=E(!$-!80(!Z'=8$=!81!=E$A,8(!=0,-C(F!4=1EF!+1-1C'F!fh*!RP^pRRRF!
+=W.$'(*!ZF\F*!+,=<1-,E<*!3F]F*!#=0..'*!4FZF*!V,'<(-*!UF]F*!n.0'K*!SF*!V,K(:*!\FUF*!/0'$:8(-:(-*!7F3F*!V($A,--*!+F*!PQ2QF!70(!=,'%1-!
%.<C(8!1B!80(!-1'80('-!='K1:;0('(!'(C$1-F!/.''F!O;$-F!4-D$'1-F!#.:8,$-F!P*!P^2pP^TF!
088;:jqq<1$F1'Cq2QF2Q2TqJF=1:.:8FPQ2QFQRFQQ^!
! ii!
+('C(E1D*!6F#F*!7,'C.E$,-*!_FOF*!PQ22F!Z==.A.E,8$1-!1B!1'C,-$=!A,88('!$-!80(!A$-(',E!E,K(':!1B!;('A,B'1:8l,BB(=8(<!:1$E:!1B!=1,:8,E!
E1mE,-<:!$-!4,:8!#$%('$,F!4.',:$,-!#1$E!#=$F!II*!PIhpPTQF!
6(BB*!UF/F*!b$-E,K*!UF/F*!$A1D*!#FZF*!\,DK<1D*!#FSF*!/,'',:=1*!UFUF*!#=0..'*!4FZFWF*!\,DK<1D,*!ZF5F*!PQQTF!#(,:1-,E!=0,-C(:!$-!80(!,C(!,-<!
:8'.=8.'(!1B!<$::1ED(<!1'C,-$=!=,'%1-!$-!#$%('$,-!'$D(':!,-<!:8'(,A:F!W(1;0K:F!3(:F!L(88F!^^F!
088;:jqq<1$F1'Cq2QF2QPhqPQQTWLQPiPPP!
6(BB*!UF/F*!V11;('*!\FYF*!PQQPF!_(C(8,8$1-!,-<!=E$A,8(!=1-8'1E:!1-!;18(-8$,E!/OP*!\O/!,-<!\O6!;'1<.=8$1-!$-!-1'80('-!E,8$8.<(!:1$E:F!
WE1%F!/0,-C(!c$1EF!i*!ifPpiiIF!088;:jqq<1$F1'Cq2QF2QITqJF2^TRlPIiTFPQQPFQQR2fF?!
O>\1--(EE*!UFZF*!Z$X(-*!WF3F*!n,-(*!4F#F*!U1-(:*!UFcF*!PQ2QF!#1.'=(!m,8('!=1-8'1E:!1-!80(!=0,',=8('!,-<!1'$C$-!1B!<$::1ED(<!1'C,-$=!A,88('!
$-!:8'(,A:!1B!80(!N.X1-!3$D('!%,:$-*!ZE,:X,F!UF!W(1;0K:F!3(:F!c$1C(1:=$(-=(:!22R*!WQ^QPRF!
088;:jqq<1$F1'Cq2QF2QPhqPQQhUWQQ22R^!
O>\1--(EE*!UFZF*!Z$X(-*!WF3F*!#m,-:1-*!\FnF*!S,-<,*!#F*!c.8E('*!nF\F*!c,E8(-:;('C('*!ZFSF*!PQ2TF!\$::1ED(<!1'C,-$=!A,88('!=1A;1:$8$1-!1B!
Z'=8$=!'$D(':j!L$-X$-C!;('A,B'1:8!,-<!;,'(-8!A,8('$,E!81!'$D('$-(!=,'%1-j!\O+!/1A;1:$8$1-!$-!Z'=8$=!3$D(':F!WE1%F!
c$1C(1=0(AF!/K=E(:F!088;:jqq<1$F1'Cq2QF2QQPqPQ2TWcQQRIiP!
O1:8('m1.<*!+F3F*!7(AA$-C01BB*!4FUF+F*!D,-!<('!((*!#F4FZF7F+F*!PQ2QF!o.,-8$B$=,8$1-!1B!\O/!=1-=(-8',8$1-:!$-!'(E,8$1-!m$80!:1$E!
;'1;('8$(:!1B!:1$E:!$-!8.-<',!,-<!8,$C,!1B!61'80('-!4.'1;(,-!3.::$,F!c$1C(1:=$(-=(:!\$:=.::F!f*!^2ihp^PPTF!
088;:jqq<1$F1'Cq2QFR2hIq%C<lfl^2ihlPQ2Q!
O;:,0E*!#F*!c(--('*!3F*!ZA1-*!3F+F]F*!2hhhF!+,J1'!BE.?!1B!8(''$C(-1.:!<$::1ED(<!1'C,-$=!A,88('!80'1.C0!80(!Z'=8$=!O=(,-F!L$A-1EF!
O=(,-1C'F!II*!PQ2fpPQP^F!088;:jqq<1$F1'Cq2QFI^2hqE1F2hhhFIIFiFPQ2f!
S1X'1D:XK*!OF#F*!+,-,:K;1D*!3F+F*!L1$X1*!#F*!#0$'1X1D,*!LF#F*!n'$=X1D*!5FZF*!S1X'1D:XK*!cFWF*!n1E(:-$=0(-X1*!LFWF*!n1;K:1D*!#FWF*!(A8r1D*!
_FZF*!n.E$r0:XK*!#FSF*!_1'1%K(D*!#F6F*!n$';18$-*!#F6F*!PQ2RF!S('A,B'1:8!=1D(',C(*!m,8(':0(<!,'(,!,-<!:(,:1-!=1-8'1E!1B!
<$::1ED(<!=,'%1-!,-<!A,J1'!(E(A(-8:!$-!m(:8('-!#$%('$,-!'$D(':F!c$1C(1:=$(-=(:!2P*!T^Q2pT^PQF!
088;:jqq<1$F1'Cq2QFR2hIq%Cl2PlT^Q2lPQ2R!
S'1X.:0X$-*!ZF#F*!WE($?-('*!WF*!+=\1m(EE*!]FVF*!3.(0E1m*!#F*!#=0.Er(*!4Fl\F*!PQQfF!#1.'=(l!,-<!:.%:8',8(l:;(=$B$=!(?;1'8!1B!<$::1ED(<!
1'C,-$=!A,88('!B'1A!;('A,B'1:8l<1A$-,8(<!B1'(:8(<!m,8(':0(<!$-!=(-8',E!#$%('$,j!#Yc#73Z74!#S4/5b5/!\O+!4`SO37F!
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(DEFGH&<,&<&'KDMQ&NDTU^KGEH& \[I,TO:B&/MKUb& MDZHB& TRFGUH?&+RT^QNGR[HS]B& EGHQ&GHUSKZEMHT&NHMD[DSKSH& S^H& aGHT^HS&
`HGDRNB& NKT^HN& EGHQ& MDZH& GH`GHTHZST& S^H& NKDMQ&[HKZ&NDTU^KGEH& \:JJJO<;:-B& TRFGUH?& .GUSDU& )+3]B&X^DSH& NRST&
URGGHT`RZN&SR&HKU^&TK[`MDZE&`RDZS&KZN&EGHQ&ND[RZNT&DZNDUKSH&DUHLGHKb&SD[DZE,&
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(DEFGH&<,&I&AKSHG&`^QTDUROU^H[DUKM&YKGDKLMHT&HYRMFSDRZ&KMRZE&XDS^&NDTU^KGEH&\[I,TO:]&[HKTFGHN&XDS^&[FMSDO`KGK[HSHG&`GRLH&\%03O<]B&EGHQ&NRST&KGH&`RDZS&
[HKTFGH[HZSTB&EGHQ& MDZH&GH`GHTHZST&NKDMQ&NDTU^KGEH& \TRFGUH?&+RT^QNGR[HS]B&EGHQ&GHUSKZEMH&NHMD[DSKSH& aGHT^HS&`HGDRNT,&2KGDKLMHT& GH`RGSHN&KGH&'DTTRMYHN&
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NKDMQ&NDTU^KGEH&\[I,TO:BTRFGUH?&+RT^QNGR[HS]B&EGHQ&GHUSKZEMH&NHMD[DSKSH&aGHT^HS&`HGDRNT,&&
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WE1%,E!+(8(1'$=!],8('!L$-(!GW+]LH 
δD = 8 δ18O + 10&
WE1%,E!+(8(1'$=!],8('!L$-(!GW+]LH 
δD = 8 δ18O + 10&
WE1%,E!+(8(1'$=!],8('!L$-(!GW+]LH 
δD = 8 δ18O + 10&
,H!
%H!
=H!
(DEFGH&<,&1&5R[`KGDTRZ&Ra&f:93&KZN&g<=&\m&]&Ra&6HZDTHD&GDYHG&XKSHGT&XDS^&S^H&)MRLKM&7HSHRGDU&
AKSHG&!DZH,&K]&<;:-&TK[`MHTB&L]&<;:C&TK[`MHTB&U]&<;:1&TK[`MHTB&N]&#F[[KGQ&NDKEGK[&Ra&
^QNGRMREDU&`GRUHTTHT&DZaMFHZUH&RZ&ReQEHZ&KZN&^QNGREHZ&DTRSR`DU&UR[`RTDSDRZ&Ra&XKSHG&
\TRFGUH&?&^SS`?PPXHL,TK^GK,KGD_RZK,HNFP`GREGK[TPDTRSR`HTPReQEHZ,^S[M&]&
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(DEFGH&<,&8&'35&URZUHZSGKSDRZT&\[EP!]&KMRZE&XDS^&NKDMQ&NDTU^KGEH,&)GHQ&NRST&KGH&`RDZS&[HKTFGH[HZSTB&EGHQ&
MDZH&GH`GHTHZST&NKDMQ&NDTU^KGEH&\[I,TO:BTRFGUH?&+RT^QNGR[HS]B&EGHQ&GHUSKZEMH&NHMD[DSKSH&aGHT^HS&`HGDRNT,&+DE^S&
TDNH&EGK`^&T^RXT&S^H&GHMKSDRZT^D`&LHSXHHZ&NKDMQ&NDTU^KGEH&KZN&'35&URZUHZSGKSDRZ,&
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\[I,TO:BTRFGUH?&+RT^QNGR[HS]B&EGHQ&GHUSKZEMH&NHMD[DSKSH&aGHT^HS&`HGDRNT,&$R`&EGK`^&GH`GHTHZST&S^H&GHMKSDRZT^D`&LHSXHHZ&a'37&KZN&'35&URZUHZSGKSDRZ,&
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! 2Q2!
!
« Ils m’ont jeté à l’eau, 
Comme c’est bien fait, j’n’attendais qu’ça, 
Moi, j’ai toujours fait de mon mieux, 
Ça les étonne mais je n’coule pas, 
Depuis j’regarde passer les berges, 
J’n’attendais qu’ça pour tout lâcher, 
Une petite brasse pour l’homme moderne  
Qui perd un peu pieds,  
Ils m’ont jeté à l’eau » 
 
  « Jeté à l’eau », Ma Pauvre Lucette 
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! 2QP!
3g#Y+g!
L(:! '$D$9'(:! ,'=8$@.(:! 8',-:;1'8(-8! <(:! @.,-8$8&:! $A;1'8,-8(:! <(! A,8$9'(:!
1'C,-$@.(:! 8(''$C9-(:! D(':! E>1=&,-! Z'=8$@.(F! L(! 5(-$::([! (:8! .-! <(:! BE(.D(:! ,'=8$@.(:!
=1-8'$%.,-8!E(!;E.:!,.?!8',-:B('8:!<(!=,'%1-(!1'C,-$@.(!<$::1.:!D(':!E>1=&,-F!L,!A,J(.'(!
;,'8$(! <.! BE.?! <(! =,'%1-(! 1'C,-$@.(! <$::1.:! ,! E$(.! =0,@.(! ,--&(! <.',-8! E,! ='.(! <(!
;'$-8(A;:! GA,$lJ.$-HF! L(:! 1.8$E:! <(! =,',=8&'$:,8$1-! 1BB'(-8! E,! ;1::$%$E$8&! <(! 8',=('! E(:!
:1.'=(:*!E>}C(*!E>&8,8!<(!<&C',<,8$1-!(8!E,!=1A;1:$8$1-!C&-&',E(!<(!=(!=,'%1-(!1'C,-$@.(!
(?8'A(A(-8! A1%$E(F! \(! 8(EE(:! $-B1'A,8$1-:! ;('A(88(-8! <>,A&E$1'('! -18'(!
=1A;'&0(-:$1-! <.! =K=E(! <(:! A,8$9'(:! 1'C,-$@.(:! <$::1.8(:! G+O\H! <,-:! E(:! '&C$1-:!
,'=8$@.(:!(8!<>&D,E.('!:1-!;18(-8$(E!$A;,=8!:.'!E(!B1-=8$1--(A(-8!<(!E>1=&,-!Z'=8$@.(!(8!
<.!=E$A,8F!
5=$*!-1.:!;'&:(-81-:!<(:!<1--&(:!!=1EE(=8&(:!M!0,.8(!B'&@.(-=(!8(A;1'(EE(!<.',-8!
<(:!=,A;,C-(:!<>&=0,-8$EE1--,C(!<(!PQ2I!M!PQ2T!,D(=!.-(!,88(-8$1-!;,'8$=.E$9'(!:.'!E,!
='.(!<(!;'$-8(A;:F!Y-!<$:;1:$8$B!<>1:A1:(!$-D(':(!,!&8&!.8$E$:&!;1.'!$:1E('!(8!=1-=(-8'('!
E(:!+O\F!L,!@.,E$8&!<(:!+O\!,!;,'!E,!:.$8(!&8&!<&8('A$-&(!C'}=(!,.?!%$1A,'@.(.':!<(!E,!
E$C-$-(*!,.?!;'1;'$&8&:!1;8$@.(:!<(:!+O\!(8!M!E,!<,8,8$1-!2I/!<.!/O\F!
L(:! $-<$=,8(.':! ,::1=$&:! ,.?! ',8$1:! <(:! ;0&-1E:! <(! E,! E$C-$-(! :.CC9'(-8! @.(! E(:!
+O\!<&'$D(-8!;'$-=$;,E(A(-8!<(!%1$:!<(!CKA-1:;('A(:!;(-<,-8!E,!='.(!<(!;'$-8(A;:!
(8!1-8!.-(!:$C-,8.'(!;E.:! $-BE.(-=&(!;,'! E(!%1$:!<>,-C$1:;('A(:!;(-<,-8! E,!;&'$1<(!<(!
%,::(:!(,.?F!L,!B1'8!%1'&,E(!(:8!<1-=!=('8,$-(A(-8!.-!<(:!;1.'D1K(.':!;'$-=$;,.?!<(!
+O\! <.',-8! E,! ='.(! <(! ;'$-8(A;:F! L(:! $-<$=,8(.':! <(! <&C',<,8$1-! (8! <(! <$,C&-9:(!
:.CC9'(-8! @.(! <.',-8! E(:! ;&'$1<(:! <(! <&%$8:! A,?$A.A:*! E(:! +O\! ;'1D$(--(-8! <(! E,!
E$?$D$,8$1-!<(:!01'$r1-:!<(!:.'B,=(!(8!<(:!E$8$9'(:!D&C&8,E(:!,E1':!@.(!E,!;&'$1<(!<(!%,::(:!
(,.?! (:8! =,',=8&'$:&(! ;,'! <(:! &=1.E(A(-8:! ;E.:! ;'1B1-<:F! L(:! $-<$=,8(.':! <(!
BE.1'(:=(-=(!A1-8'(-8!.-(!@.,E$8&!<(:!+O\!=1-8',:8&(!(-8'(! E,!;&'$1<(!<(! ='.(!(8!<(!
%,::(:!(,.?!,D(=!.-(!$-BE.(-=(!8(''(:8'(!:.;&'$(.'(!;(-<,-8!E,!;&'$1<(!<(!='.(!,::1=$&(!
,D(=! .-! ;1$<:! A1E&=.E,$'(! (8! .-(! :$C-,8.'(! 0.A$@.(! ;E.:! &E(D&:F! L(:! A(:.'(:!
<>,%:1'%,-=(!:.CC9'(-8!.-(!,'1A,8$=$8&!;E.:!;'1-1-=&(!,.!=1.':!<(!E,!;&'$1<(!<(!='.(F!
L,! <,8,8$1-! 2I/! <.! /O\! $-<$@.(! <(:! (?;1'8:! <(!+O\! ;E.:! J(.-(:! (-! ;&'$1<(! <(! ='.(!
=1-8',:8,-8!,D(=!<(:!+O\!;E.:!}C&(:!(-!%,::(:!(,.?F!
!
7RST&UMVj!+O\*!'$D$9'(:!,'=8$@.(:*!N(-$:($*!#$%('$,*!%$1A,'@.(.':!<(!E,!E$C-$-(*!
Z%:1'%,-=(*!bE.1'(:=(-=(*!5:181;$(!<.!=,'%1-(F!
! 2Q^!
Zc#73Z/7!
!
Z'=8$=!3$D(':!8',-:;1'8!D,:8!,A1.-8:!1B!8(''(:8'$,E!1'C,-$=!A,8('$,E!G7O+H!81!80(!
Z'=8$=!O=(,-F!70(!N(-$:($!3$D('!$:!1-(!1B!80(!A,J1'!=1-8'$%.81':F!+1:8!1B!80(!BE.?!1==.':!
(,=0! K(,'! <.'$-C! ;(,X! '$D('! <$:=0,'C(! G+,KlU.-(H*! X-1m-! ,:! 80(! :;'$-C! B'(:0(8F!
/0,',=8('$r,8$1-!811E:!!1BB('!80(!1;;1'8.-$8K!81!8',=(!:1.'=(:*!,C(!,-<!<(C',<,8$1-!:8,8(!
,E1-C!m$80!$-:$C08!$-!80(!=1A;1:$8$1-!1B!80$:!D('K!A1%$E(!=,'%1-!;11EF!#.=0!$-B1'A,8$1-!
=,-!$A;'1D(!1.'!.-<(':8,-<$-C!1B!\O+!=K=E(!$-!,'=8$=!'(C$1-:!,-<!$8:!;18(-8$,E! $A;,=8!
1-!80(!Z'=8$=!1=(,-!B.-=8$1-$-C!,-<!=E$A,8(!=0,-C(!B((<%,=XF!
V('(*! m(! ;'(:(-8! -(m! 0$C0! '(:1E.8$1-! <,8,! =1EE(=8(<! B'1A! (?8(-:$D(! :,A;E$-C!
=,A;,$C-! B'1A! PQ2I! 81! PQ2T! m$80! ,! :;(=$,E! B1=.:! 1-! :;'$-C! BE11<! ;('$1<:F! 3(D(':(!
1:A1:$:! :K:8(A! m,:! .:(<! B1'! \O/! $:1E,8$1-! ,-<! =1-=(-8',8$1-F! \O+! @.,E$8K! m,:!
<(8('A$-(<! =1A%$-$-C! =0,',=8('$r,8$1-! 8(=0-$@.(:*! .:$-C! E$C-$-! %$1A,'X(':*! 1;8$=,E!
;'1;('8$(:!,-<!',<$1=,'%1-!,C(!1B!\O+F!!
L$C-$-! ;0(-1E! ',8$1! $-<$=,81':! :.CC(:8(<! 80,8! \O+! $:! ;'$A,'$EK! <('$D(<! B'1A!
CKA-1:;('A! m11<! :1.'=(:! <.'$-C! :;'$-C! B'(:0(8! ,-<! 0,D(! ,! 0$C0('! $-BE.(-=(! B'1A!
,-CK1:;('A!m11<!<.'$-C! E1m! BE1m:F! 70.:*! %1'(,E! B1'(:8! $:! E$X(EK! 80(!A,$-! :.;;E$('! 1B!
\O+!<.'$-C!80(!B'(:0(8F!!!
\(C',<,8$1-! ,-<! <$,C(-$=! $-<$=,81':! :.CC(:8! 80,8*! <.'$-C! 0$C0! <$:=0,'C(*! \O+!
1'$C$-,8(:!B'1A!E(,=0$-C!1B!:.'B,=(!:1$E!01'$r1-!1'!;E,-8!E$88('!m0('(,:!%,:(!BE1m!;('$1<!
$:!=0,',=8('$r(<!%K!<((;('!m,8('BE1m!;,80F!bE.1'(:=(-=(!$-<$=,81':!:.CC(:8!=1-8',:8$-C!
\O+! @.,E$8K! %(8m((-! :;'$-C! B'(:0(8! ,-<! %,:(! BE1m! m$80! 0$C0('! 8(''(:8'$,E! $-BE.(-=(!
<.'$-C! BE11<! ;('$1<! ,::1=$,8(<! m$80! 0$C0('! A1E(=.E,'! m($C08! 1B! \O+! A1E(=.E(:! ,-<!
0.A$=! B$-C(';'$-8F! Z%1'%,-=(! A(,:.'(A(-8:! $-<$=,8(! 0$C0('! ,'1A,8$=! \O+! =1-8(-8!
<.'$-C!;(,X!<$:=0,'C(!;('$1<F!3,<$1=,'%1-!,C(!1B!\O+!:.;;1'8(<!80(!(?;1'8!1B!K1.-C('!
\O+!<.'$-C!0$C0!BE1m!,C,$-:8!1E<('!\O+!<.'$-C!%,:(!BE1mF!
!
WHQXRGNTj!\O+*!Z'=8$=!3$D('*!N(-$:($*!#$%('$,*!L$C-$-!%$1A,'X(':*!Z%:1'%,-=(*!
bE.1'(:=(-=(*!/,'%1-!5:181;K!
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^F2 5673O\Y/75O6!
V$C0! -1'80('-! E,8$8.<(:! (-=1A;,::! ,! 0.C(! 1'C,-$=! =,'%1-! GO/H! '(:('D1$'*!
(:8$A,8(<! 81! 2IQQl2iRQ! SC! ,-<! '(;'(:(-8$-C! ,%1.8! RQ{! 1B! CE1%,E! :1$E! O/*! m$80! 80(!
A,J1'! ;,'8! EK$-C! $-! ;('A,B'1:8l,BB(=8(<! :1$E:! G7,'-1=,$! (8! ,EF*! PQQh! V.C(E$.:! (8! ,EF*!
PQ2^HF! Z'=8$=! '$D(':! <',$-$-C! 80(:(! '(C$1-:! 8',-:;1'8! ,--.,EEK! E,'C(! ,A1.-8! 1B!
8(''(:8'$,E! 1'C,-$=! A,88('! G7O+HF! Z%1.8! RFi! 7C! $:! 8',-:B(''(<! ,:! ;,'8$=.E,8(! 1'C,-$=!
=,'%1-!GSO/H!G+=/E(EE,-<!(8!,EF*!PQ2TH!,-<!^Il^i!7C!,:!<$::1ED(<!1'C,-$=!=,'%1-!G\O/H!
GV1EA(:!(8!,EF*!PQ2PHF!/1-:(@.(-8EK*!C'(,8!,'=8$=!'$D(':!;E,K!,-!$A;1'8,-8!'1E(!$-!CE1%,E!
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! #PfRlPhR!',-C(<!B'1A!QFQQh!81!QFQi!G,D(',C(|QFQ^*!-|22RHGb$C.'(!^FIHF!#PfRlPhR!m,:!
=1''(E,8(<! 81!\O/!=1-=(-8',8$1-! G\O/|!QF^#PfRlPhRlQFi2h*!3P|QFif*!-|22RH!,-<!<$:=0,'C(!
Go|!^^IFPI#PfRlPhRl2F2h^*!3P|QFiI*!-|22RH!Gb$C.'(!^FRHF!70(!#PfRlPhR!<K-,A$=!m,:!'(E,8$D(EK!
:$A$E,'! 1-! ,-! $-8(',-.,E! :=,E(! E1m(:8! D,E.(:! m('(! '(;1'8(<! <.'$-C! #;'$-C! BE11<!
G,D(',C(|QFQ2T*! -|RTH! ,-<! 0$C0(:8! <.'$-C! m$-8('! E1m! BE1m! =1-<$8$1-! G,D(',C(|QFQR*!
-|RhHF!#PfRlPhR!$-='(,:(<!J.:8!,B8('!80(!(-<!1B!80(!BE11<!$-!A$<!:.AA('*!m0(-!<$:=0,'C(!$:!
%,=X! 81! %,:(BE1mF! \$:=0,'C(! '$:(! <.'$-C! E,8(! :.AA('q(,'EK! ,.8.A.-! $-<.=(<! ,! :E$C08!
<(='(,:(!$-!#PfRlPhR!:$C-,E!%(B1'(!,!:8(,<K!'$:(!.-8$E!:8,%E(!m$-8('!E1m!BE1m!=1-<$8$1-:F!!
4QNLA?DC?BC?/JBOJC?D/
b5! D,'$(<! ,E1-C! m$80! <$:=0,'C(*! b5! <(='(,:$-C! m$80! $-='(,:$-C! <$:=0,'C(F! 70(!
'(E,8$1-:0$;! %(8m((-! b5! ,-<! <$:=0,'C(! m,:! :8'1-C! B1'! E1m! BE1m! ,-<! ,%:(-8! ,8! 0$C0!
<$:=0,'C(! G3P|QFQTH! m$80! b5! D,E.(:! '(,=0$-C! ,! ;E,8(,.! GE1m! BE1m! '(E,8$1-! b5|T?2Ql
Tow2FRi*!3P|QFRi*!CE1%,E!,D(',C(|2FIR*!-|22RH!Gb$C.'(!^FhHF!_,E.(:!',-C(<!B'1A!2F^I!81!
2FRf*!m$80!E1m(:8!D,E.(:!'(=1'<(<!<.'$-C!:;'$-C!BE11<!G,D(',C(|2FI*!-|RTH!,-<!0$C0(:8!
<.'$-C! E1m! BE1m! G,D(',C(|2FIh*! -|RhHGb$C.'(! ^FTHF! #$C-,E! (D1E.8$1-! m,:! '(E,8$D(EK!
:$A$E,'!%(8m((-!PQ2R!,-<!PQ2T!%.8!m(!'(=1'<(<!:E$C08EK!0$C0('!b5!<.'$-C!PQ2I!:;'$-C!
BE11<F!
V5`! B1EE1m(<! <$:=0,'C(! <K-,A$=! m$80! $-='(,:$-C! V5`! D,E.(:! m$80! $-='(,:$-C!
<$:=0,'C(F! 70(! '(E,8$1-:0$;! %(8m((-! V5`! ,-<! <$:=0,'C(! m,:! :8'1-C! B1'! E1m! BE1m! ,-<!
,%:(-8! G3P|! QFQ^H! B1'! 0$C0! BE1m! GE1m! BE1m! '(E,8$1-! V5`|P?2QlIow2FRP*! 3P|QFRR*! CE1%,E!
,D(',C(|TFRQ*!-|22RHGb$C.'(!^FhHF!V5`!m,:!,E:1!0$C0EK!=1''(E,8(<!81!\O/!<K-,A$=!GV5`|!
QFTR\O/w2Fh*! 3P|QFi2*! -|22RHF! _,E.(:! ',-C(<! B'1A!PFP^! 81! 2IFRQ*!m$80! 0$C0(:8! D,E.(:!
1%:('D(<! <.'$-C! :;'$-C! BE11<! ;('$1<! G,D(',C(|iFT*! -|RTH*! E1m(:8! <.'$-C! E1m! BE1m! ,!
G,D(',C(|IFR*!-|RhHGb$C.'(!^FfHF!7'(-<:!,='1::!80(!:,A;E$-C!K(,':!m('(!:$A$E,'F!
b'(:0-(::! $-<(?!D,'$(<!,E1-C!m$80!<$:=0,'C(*! B'(:0-(::! $-<(?!D,E.(:!<(='(,:$-C!
m$80! $-='(,:$-C!<$:=0,'C(F!70(!'(E,8$1-:0$;!m$80!<$:=0,'C(!m,:!:8'1-C!,8! E1m!BE1m!,-<!
m$=X! ,8! 0$C0! <$:=0,'C(! G3P|QFPRHGL1m! BE1m! '(E,8$1-! b'(:0-(::! $-<(?|PFTh^^olQF2T^*!
3P|QFif*! CE1%,E! ,D(',C(|! QFRP*! -|22RH! Gb$C.'(! ^FhHF! _,E.(:! ',-C(<! B'1A! QFI2! 81! QFTT*!
m$80! E1m(:8!D,E.(:!'(;1'8(<!B1'!:;'$-C!BE11<!;('$1<!G,D(',C(|!QFIR*!-|RTH!,-<!0$C0(:8!
D,E.(:!<.'$-C!m$-8('!E1m!BE1m!,-<!;'(!BE11<!;('$1<!G,D(',C(|!QFRh*!-|RhH!Gb$C.'(!^FiHF!
WE1%,E!:$C-,E!8'(-<!m,:!:$A$E,'!,='1::!80(!80'((!:,A;E$-C!K(,':F!
!
! 22^!
0+&+4+*//
70'((!!BE.1'(:=(-8! =1A;1-(-8:! m('(! $<(-8$B$(<! %K! 80(! SZ3ZbZ/! A1<(E!!
G=1'=1-<$,|TQFfHF!/1A;1-(-8!2!0,:!,-!(?=$8,8$1-!A,?$A.A!,8!^TQ!-A!,-<!,-!(A$::$1-!
A,?$A.A!,8!IiQF!/1A;1-(-8!P!0,:!,-!(?=$8,8$1-!A,?$A.A!,8!^PQ!-A!,-<!,-!(A$::$1-!
A,?$A.A! ,8! I2R! -AF! /1A;1-(-8! ^! 0,:! ,-! (?=$8,8$1-! A,?$A.A! ,8! PIQ! -A! ,-<! ,-!
(A$::$1-!A,?$A.A!,8!I^Q!-A!Gb$C.'(!^F2QHF!!!
70(! BE.1'(:=(-=(! $-8(-:$8K! 1B! =1A;1-(-8:! 2! ,-<! P! $-='(,:(<! m$80! <$:=0,'C(!
m0('(,:! =1A;1-(-8! ^! BE.1'(:=(-=(! m,:! A1'(! :8,%E(! ,-<! <(='(,:(<! m$80! $-='(,:$-C!
<$:=0,'C(!Gb$C.'(!^F22HF!b1'!=1A;1-(-8:!2!,-<!P*!(E(D,8(<!D,E.(:!m('(!'(=1'<(<!<.'$-C!
:;'$-C!BE11<!,-<! E1m('!D,E.(:!<.'$-C!m$-8('!%,:(!BE1m!=1-<$8$1-:F! 58!=,-!%(!-18(<!80,8!
BE.1'(:=(-=(!$-8(-:$8K!B1'!80(:(!=1A;1-(-8:!'(:;1-<(<!;1:$8$D(EK!81!<$:=0,'C(!$-='(,:(!
$-!E,8(!:.AA('q(,'EK!,.8.A.-!GPQ2IlPQ2RHF!/1A;1-(-8!^!:01m(<!E1m(:8!BE.1'(:=(-=(!
$-8(-:$8K!<.'$-C!:;'$-C!BE11<!,-<!'(E,8$D(EK!:8,%E(!D,E.(:!B'1A!;1:8!BE11<!81!m$-8('!%,:(!
BE1m! =1-<$8$1-:F! ZEE! =1A;1-(-8:! ;(,X(<! G$-=E.<$-C! /;^! %(B1'(! ;E.AA(8$-CH! <.'$-C!
'$:$-C! E$A%F! 3(E,8$D(! =1-8'$%.8$1-! 81! 818,E! BE.1'(:=(-=(! 1B! =1A;1-(-8:! 2! ,-<! P! m,:!
;'(<1A$-,-8(! G/;2/;PH! <.'$-C! :;'$-C! BE11<! ;('$1<:! 1B! 80(! ^! :,A;E$-C! K(,':! ,-<!
=1A;1-(-8! ^! m,:! E,'C(EK! ;'(<1A$-,-8! <.'$-C! m$-8('! %,:(! BE1m! =1-<$8$1-! ,-<! ,E:1!
<.'$-C!;1:8!BE11<!=1-<$8$1-:!G(-<!1B!'(=(::$1-!PQ2RlPQ2TH!Gb$C.'(!^F2PHF!!
/1A;1-(-8! 2! ,-<! P! m('(! :$C-$B$=,-8EK! =1''(E,8(<! 81! <$:=0,'C(! GE1C,'$80A$=!
'(C'(::$1-*!3P|QFi2!,-<!QFf2!'(:;(=8$D(EKH!m0('(,:!/1A;1-(-8!^!:01m(<!-1!'(E,8$1-!81!
<$:=0,'C(! GE$-(,'! '(C'(::$1-*! 3P|QFQQIRHF! /1A;1-(-8! 2! ,-<! P! m('(! :$C-$B$=,-8EK!
=1''(E,8(<! 81! \O/! =1-=(-8',8$1-! GE$-(,'! '(C'(::$1-*! 3P|QFiQ! ,-<! QFfP! '(:;(=8$D(EKH!
m0('(,:! /1A;1-(-8! ^! :01m(<! -1! '(E,8$1-! 81! \O/! GE$-(,'! '(C'(::$1-*! 3P|QFQQPHF!
/1A;1-(-8!2!,-<!P!:01m(<!E$-(,'!'(E,8$1-:0$;!1B!<$BB('$-C!:8'(-C80!81!E$C-$-!%$1A,'X(':!
G0$C0(:8! B1'!Li*!#i!,-<!Sq_H!m0('(,:!=1A;1-(-8!^!:01m(<!,%:1E.8(EK!-1!'(E,8$1-:0$;!
m$80!-1-(!1B!80(!E$C-$-!%$1A,'X(':!G7,%E(!^F2HF!
^F^FP L$C-$-!;,',A(8(':!
#$A$E,'! 81! 1;8$=,E! ;'1;('8$(:! 1B! \O+*! <$::1ED(<! E$C-$-! =1-=(-8',8$1-! G#i*! CqLH!
<$:;E,K(<!E,'C(!D,'$,8$1-:!%(8m((-!%,:(BE1m!,-<!;(,X!BE1m*!',-C$-C!B'1A!2F^i!81!RQTFTi!
Gb$C.'(! ^F2^HF! L$C-$-! =1-=(-8',8$1-:! m('(! A,?$A,E! <.'$-C! :;'$-C! BE11<! G,D(',C(|!
2^RFiI*!-|RIH!,-<!E1m(:8!<.'$-C!E1m!BE1m!G,D(',C(|2iFhI*!-|!R^HF!L$C-$-!=1-=(-8',8$1-!
;(,X(<!,8!RQTFTi*!P^TFQT*!,-<!PTfFRf! $-!PQ2I*!PQ2R!,-<!PQ2T!'(:;(=8$D(EK*!,%1.8!Rpf!
! 22I!
<,K:!;'$1'!81!;(,X!<$:=0,'C(!$-!PQ2I!,-<!PQ2R!,-<!2!<,K!%(B1'(!;(,X!<$:=0,'C(!$-!PQ2T!
GCE1%,E!,D(',C(!|!ffFhI*!-|2QfH!F!!
/,'%1-! -1'A,E$r(<! E$C-$-! K$(E<:! GLi*! ACq2QQ! AC! O/H! :01m(<! :$A$E,'! 8'(-<! 80,-! #i!
G',-C$-C! B'1A!QFQR! 81!PFTfH*!m$80!A,?$A.A!'(,=0(<!<.'$-C! :;'$-C! BE11<!1B!PFTf*!2FfT*!
PF2i!B1'!PQ2I*!PQ2R!,-<!PQ2T!'(:;(=8$D(EK!GCE1%,E!,D(',C(|!QFiT*!-|2QfH!Gb$C.'(!^F2IHF!
ZD(',C(! 0$C0! BE1m! Li! m,:! 2FPR! G-|RIH! ,-<! ,D(',C(! E1m! BE1m! Li! m,:! QFIT! ! G-|R^HF!
/1''(E,8$1-! GE$-(,'! '(C'(::$1-H! %(8m((-! #i! ,-<! \O/! G3P|QFiI*! b$C.'(! ^F! 2R=H! ,-<!
\$:=0,'C(!G3P|QFT^*!b$C.'(!b$C.'(!2R<H!m,:!0$C0('!80,-!B1'!Li!G3P|QFRi!B1'!\O/!,-<!QFR!
B1'!\$:=0,'C(H!Gb$C.'(!^F!2R!,l%HF!
ZD(',C(!,--.,E!E$C-$-!BE.?!m,:!R^Ff!WC!GPQ2IlPQ2TH!,--.,E!BE.?!m,:!fQFQ!WC!$-!
PQ2I*! RIF2! WC! $-! PQ2R! ,-<! ^fFQ! WC! $-! PQ2TF! b'(:0(8! G+,KlU.-(H! BE.?! '(;'(:(-8(<! 1-!
,D(',C(!iRFf{!1B!80(!,--.,E!BE.?!GITF2!WCH!m$80!ihFP{!GTPFI!WCH!$-!PQ2I*!i2Fh{!GIIF^!
WCH!$-!PQ2R!,-<!iRFh{!G^fFi!WCH!$-!PQ2T!G7,%E(!^FPHF!
! 3,8$1:!1B! GZ<qZEHD!(D1ED(<!:$A$E,'EK! 81! E$C-$-!=1-=(-8',8$1-:!G',-C$-C! B'1A!QFTR!!
81!PF2f*!CE1%,E!,D(',C(|!2FPQ*!-|2QfH!,E1-C!80(!0K<'1E1C$=,E!=K=E(:*!!0$C0(:8!D,E.(:!m('(!
'(,=0(<! ! <.'$-C! 0$C0! BE1m! G,D(',C(|2FI2*! -|RI! ;(,X(<! ,8! PF2f*! 2Fhi*! 2FTI! B1'! PQ2I*!
PQ2R!,-<!PQ2T! '(:;(=8$D(EKH*! ,-<!%,:(! BE1m! :01m(<! E1m(:8! D,E.(:! G,D(',C(|!2FQQ*!-|!
R^HF!GZ<qZEH:!B1EE1m(<!GZ<qZEHD!8'(-<!Gb$C.'(!^F2T!,l%!,-<!b$C.'(!^F!PQHF!!
! ;/<qb<! ',8$1! G',-C$-C! B'1A! QF^h! 81! 2FfRH! :0$B8(<! B'1A! E1m(:8! D,E.(:! <.'$-C!
:;'$-C! BE11<! G,D(',C(|QFRf*! -|RIH! 81! 0$C0('! D,E.(:! <.'$-C! %,:(! BE1m! G,D(',C(|QFiT*!
-|R^!H!Gb$C.'(!^F2T!=HF!
/ SO6qS!',8$1:!G',-C$-C!B'1A!QFP!81!QFIH!<(='(,:(<!<.'$-C!:;'$-C!BE11<!G0$C0!BE1m!
,D(',C(|QFPf*! -|RIH! ,-<! ;'1C'(::$D(EK! $-='(,:(<! B'1A! ;1:8! BE11<! =1-<$8$1-:! $-! E,8(!
:.AA('! 81! m$-8('! %,:(! BE1m! ,-<! 80(-! <(='(,:(! ,C,$-! :E1mEK! .-8$E! ;'(lBE11<! ;('$1<!
GZ;'$EH!GE1m!BE1m!,D(',C(|QF^Q*!-|R^HGb$C.'(!^F!2T!<HGCE1%,E!,D(',C(|QFPi*!-l2QfHF!
!SqG_w#H!D,E.(:!G',-C$-C!B'1A!QF2T!81!QFTIH!<'1;(<!B'1A!0$C0!D,E.(:!<.'$-C!E1m!
BE1m! ;('$1<! G,D(',C(|QFIQ*! -|R^H! 81! E1m! D,E.(:! <.'$-C! :;'$-C! BE11<! G,D(',C(|QFPP*!
-|RIHF!70(!m$-8('!%,:(!BE1m!;('$1<!Gb(%'.,'KqZ;'$EH!:01m(<!:E$C08EK!E1m('!D,E.(:!80,-!
<.'$-C!,.8.A-qE,8(!:.AA('!Gb$C.'(!^F!2T!(!,-<!b$C.'(!^F!2hHF!
!^*Rc<q_!',8$1!:01m(<!:$A$E,'!8'(-<!81!SqG_w#H!G',-C$-C!B'1A!QF2P!81!QFTP*!CE1%,E!
,D(',C(|Q*Ph*!-|2QfHHF!L1m(:8!D,E.(:!m('(!'(=1'<(<!<.'$-C!:;'$-C!BE11<!G,D(',C(|QFP^*!
-|RIHF!V$C0(:8!D,E.(:!m('(!'(,=0(<!<.'$-C!E,8(!:.AA('!,-<!,.8.A-!,-<!$-8('A(<$,8(!
! 22R!
D,E.(:!m('(!'(;1'8(<!<.'$-C!m$-8('!%,:(!BE1m!=1-<$8$1-:!G,D(',C(|QF^R*!-|R^H!Gb$C.'(!
^F!2T!B!,-<!b$C.'(!^F2hHF!
#q_!',8$1:!,-<!/q_!:01m(<!:$A$E,'!%(0,D$1'!m$80!<(='(,:$-C!D,E.(:!<.'$-C!:;'$-C!
BE11<! ;('$1<! G#q_! ,D(',C(|QF^I*! -|RI! /q_! ,D(',C(|QFQf*! -|RIHF! L1m! BE1m! ;('$1<!
<$:;E,K(<!0$C0('!D,E.(:!G#q_!,D(',C(|!QFI^*!-|R^!/q_!,D(',C(|QF2Q*!-|R^HF!+,?$A.A!
',8$1:!B1'!%180!#q_!,-<!/q_!m('(!'(;1'8(<!B1'!80(!%(C$-$-C!1B!80(!'$:$-C!E$A%!,-<!80(!(-<!
1B!'(=(::$1-!(,=0!K(,'!Gb$C.'(!^F!2f!,l%HF!S'1;('8K!;'1;('8K!;E18!:01m:!80,8!N(-$:($!\O+!
;E18:! =E1:(! 81! CKA-1:;('A!m11<! (-<lA(A%('!m$80! =E1:('! D,E.(:! <.'$-C! :;'$-C! BE11<!
Gb$C.'(!^F!2iHF!
! Sq_! ',8$1:! G',-C$-C! B'1A! QFP! 81! QFhT*! CE1%,E! ,D(',C(|! QFII*! -|2QfH! <(='(,:(!
:$C-$B$=,-8EK! <.'$-C! :;'$-C! BE11<! ;('$1<! G,D(',C(|QF^2*! -|RIH*! $-='(,:(<! <.'$-C!
'(=(::$1-! 81! '(,=0! 0$C0(:8! E(D(E! <.'$-C! 80(! (,'EK! m$-8('! :(,:1-! ,-<! 80(-! <(='(,:(<!
:E$C08EK!.-8$E!80(!;'(lBE11<!;('$1<!G,D(',C(|!QFRi*!-|R^H!Gb$C.'(!^F!2f!=HF!
^F^F^ 2I/!p\O/!,-<!/q6!
+(,:.'(<!s2I/l\O/!<$:;E,K:! ,! CE1%,E!A1<('-! :$C-,8.'(*! ',-C$-C! B'1A! lIiF^! ! 81!
fhFRxF!\O/!m,:!K1.-C('! GA1<('-H!,'1.-<!;(,X! BE11<!,-<!1E<('! G,'1.-<!^RQ!K'!cSH!
<.'$-C! m$-8('! %,:(! BE1mF! _,E.(:! '(;1'8(<! B1'! E,8(! :.AA('q(,'EK! ,.8.A-! PQ2I! m('(!
$-8('A(<$,8(!Gb$C.'(!^FP2HF!
70(! /q6! ',8$1! 1B! \O/! ',-C(<! B'1A! fFR! 81! R2Ff! m$80! E1m(:8! D,E.(:! A(,:.'(<!
<.'$-C!E1m!BE1m!=1-<$8$1-:!G,D(',C(|^Fh*!-|RIH*!0$C0(:8!D,E.(:!A(,:.'(<!<.'$-C!:;'$-C!
BE11<!G,D(',C(|^^FP*!-|RRH*!,D(',C(!m,:!PRFh!G-|2QhHF!
^FI \5#/Y##5O6!
^FIF2 L1m!BE1m!;('$1<j!
L1m! BE1m!\O+!1;8$=,E! :$C-,E!m,:! =0,',=8('$r(<! %K! <(,='(,:$-C! #Y_ZPRI! D,E.(:!
Gb$C.'(!^F!2H!$-<$=,8$-C!E(::!,'1A,8$=!=1A;1.-<:!G]($:0,,'!(8!,EF*!PQQ^HF!V$C0('!#GPfRlPhRH!
D,E.(:! Gb$C.'(! ^FIH! :.CC(:8(<! E1m!A1E(=.E,'!m($C08! \O+!;'(<1A$-,-=(F! #GPfRlPhRH! 0,:!
%((-!:01m-!81!%(!$-D(':(EK!=1''(E,8(<!81!,D(',C(!A1E(=.E,'!m($C08!1B!\O+!GV(EA:!(8!,EF*!
PQQiH!m$80! E1m('!D,E.(:! $-<$=,8$D(!1B!0$C0!A1E(=.E,'!m($C08! B',=8$1-!1B! =0'1A1;01'$=!
<$::1ED(<! 1'C,-$=!A,88('! G/\O+H! ,::1=$,8(<!m$80! 8(''(:8'$,E!\O+! :1.'=(:! ,-<! 0$C0('!
D,E.(:! E$-X(<! 81! 80(! ;'(:(-=(! 1B! E1m!A1E(=.E,'! m($C08! /\O+! B',=8$1-:! <('$D(<! B'1A!
A1'(!<(C',<(<!,-<q1'!,.81=081-1.:!:1.'=(:!GV(EA:!(8!,EF*!PQQi!#8(<A1-!(8!,EF*!PQ22!
b$=018!,-<!c(--('*!PQ2PHF! !70(:(!'(:.E8:! =,-!%(!'(E,8(<! 81!<((;('!:1$E!m,8('! BE1m;,80!
! 22T!
,-<! C'1.-<m,8('! :.;;EKF! 70$:! $:! m(EE! :01m-! %K! 80(! :;(=8',E! :E1;(! :$C-,E! m0$=0! $:!
$-8('A(<$,8(!<.'$-C!80(! E,8(!:.AA('!,-<!(,'EK!,.8.A-!m0(-!80(!,=8$D(! E,K('!<(;80! $:!
A,?$A,E! $A;EK$-C! m,8('! ;('=1E,8$1-! ,E1-C! 80(! :1$E! ;'1B$E! ,-<! 80(! 0$C0(:8! D,E.(:! 1B!
:;(=8',E! :E1;(! <.'$-C! E,8(! m$-8('! m0(-! 80(! :.;;EK! 1B! m,8('! $:! A1:8EK! ,::.'(<! %K!
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1B!C'1.-<m,8('!:.;;EKF!V$C0!D,E.(:!1B!^*Rc<q_!<.'$-C!m$-8('8$A(!0,D(!%((-!;'(D$1.:EK!
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'(BE(=8!$-='(,:(<!:1';8$1-!;'1=(::(:!<.'$-C!;('=1E,8$1-!80'1.C0!A$-(',E!01'$r1-:F!58!0,:!
%((-!:01m-!80'1.C0!:8,%E(!$:181;(!$-D(:8$C,8$1-!80,8!:1';8$1-!,-<!<(:1';8$1-!;'1=(::(:!
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=1A(:!B'1A!C'1.-<m,8('!GW$%:1-!,-<!S'1m:(*!PQQPHF!
3,8$1! 1B! ;l=1.A,'$=! 81! B('.E$=! ,=$<:! G;/<qb<H! =,-! ;'1D$<(! $-B1'A,8$1-! 1-!
<$,C(-(8$=! :8,8(! G;'(B('(-8$,E! <(C',<,8$1-! 1B! B('.E$=! ,=$<H*! E(,=0$-C! ,-<!
:1';8$1-q<(:1';8$1-!;'1=(::(:!G#,-C('!(8!,EF*!2hhf!V1.(E!(8!,EF*!PQQTHF!4E(D,8(<!;/<qb<!
',8$1:!0,D(!,E:1!%((-!1%:('D(<! $-! E(,D(:*!-((<E(:*! :;0,C-.A!A1::(:!,-<!m(8E,-<!,-<!
8.-<',!:1$E:!GYC1E$-$!(8!,EF*!2hi2!]$EE$,A:!(8!,EF*!2hhiH*! $-<$=,8$-C!80,8!:;(=$B$=!:1.'=(:!
A,K!,E:1!$-BE.(-=(!1%:('D(<!<K-,A$=!1B!;/<qb<!',8$1:F!V('(*!;/<qb<!:((A:!81!=1-B$'A!
80(! A1'(! <(C',<(<! :8,8(! 1B! \O+! <.'$-C! m$-8('8$A(! m$80! 0$C0('! D,E.(:! 1B! 80(! ',8$1!
<.'$-C!E1m!BE1m!Gb$C.'(!^F!2T!=HF!V1m(D('*! ! $-!1.'!=,:(!80$:!$-<$=,81'!:01.E<!%(!0,-<E(!
m$80! =,'(F! 70(! ;0(-1E:! .:(<! ,'(! ;'(:(-8! ,8! D('K! E1m! =1-=(-8',8$1-:*! 1B8(-! =E1:(! 81!
<(8(=8$1-!E$A$8:F!70.:*!80(K!;18(-8$,EEK!$-<.=(!$-=('8,$-8$(:!,-<!,'8(B,=8:!$-!80(!D,'$,8$1-!
1B!80$:!',8$1F!
! 22i!
L$C-$-!;0(-1E:!,'(!;'1<.=(<!%K!D,:=.E,'!;E,-8:F!/1-:(@.(-8EK!80(K!,'(!'(E(D,-8!
8',=(':!1B!8(''(:8'$,E!\O+!$-;.8:!81!,@.,8$=!:K:8(A:F!\'1;!$-!#i!Gb$C.'(!^F!2^H!$A;E$(:!,!
'(<.=8$1-!$-!E$C-$-!;0(-1E!=1-8'$%.8$1-!81!80(!818,E!\O+!;11E!$-<$=,8$-C!E(::!8(''(:8'$,E!
$-;.8:!<.'$-C!80(!E1m!BE1m!;('$1<F!7K;$=,EEK*!\O+!$-!:.%:.'B,=(!,-<!<((;!:1$E:!<$:;E,K:!
E1m('!E$C-$-!=1-8(-8!80,-!.;;('!:1$E:!Gn,$:('!(8!,EF*!PQQIHF!!
#;(=$B$=!E$C-$-!;0(-1E:!',8$1:!=,-!0(E;!81!=0,',=8('$r(!8(''(:8'$,E!:1.'=(:!1B!\O+!
$-! '$D(':! GV(<C(:! ,-<!+,--*! 2hfh! ZA1-! (8! ,EF*! PQ2P!+,--! (8! ,EF*! PQ2THF! #K'$-CKE! 81!
_,-$EEKE! G#q_H! ',8$1! $-<$=,8(! D(C(8,8$1-! =1-8'$%.8$1-! m$80! E1m! ',8$1! $-<$=,8$-C!
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=E,::$=,E!S(,X!Z!G(?PTQq(AIPTH!Gn1',X!(8!,EF*!PQ2IHF!70$:!=1A;1-(-8!m,:!:$A$E,'!81!80(!
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